###### Key messages

-   Patients with diabetes are at increased risk of lower extremity amputation (LEA). Early referral to secondary healthcare for diabetes management is assumed to prevent the occurrence of LEA.

-   Findings from this case--control study do not support an association between earlier patient access to secondary healthcare services for diabetes management and the long-term outcome of LEA.

-   Efforts to improve diabetes care should be focused on both primary and secondary healthcare services and promoting integration between the two healthcare settings.

Introduction {#s1}
============

Lower extremity amputation (LEA) is an important complication of diabetes mellitus. National and global LEA rates vary for reasons such as ethnicity, case definition, and ascertainment of diabetes prevalence.[@R1] [@R2] The effects of clinical and sociodemographic factors on the occurrence of LEA in patients with diabetes are well documented. Long duration of disease, prolonged hyperglycemia, hypertension, dyslipidemia, smoking, neuropathy, peripheral vascular disease (PVD), prior ulcers, and lower socioeconomic status (SES) are recognized risk factors for LEA in patients with diabetes.[@R3] [@R4]

It has been suggested that the occurrence of LEA is partially attributable to a failed system of healthcare.[@R5] In fact, the International Diabetes Federation (IDF) estimates that up to 85% of diabetes-related LEAs could be avoided with appropriate and timely preventive and specialist care.[@R6] Previous research from the UK suggests that better organized care results in a significant improvement in care for patients with diabetic foot disease and a reduction in major LEA rates.[@R7] [@R8] Debate continues on the most appropriate model of care for the management of diabetes.[@R9] [@R10] Traditionally, the Irish model for diabetes care was hospital-based.[@R11] All patients with type 1 diabetes and the majority of patients with type 2 diabetes were managed in the secondary healthcare setting, and this has been traditionally considered the best available care. However, not all patients with diabetes can be managed in secondary care and there is a need to consider the optimal timing of referral from primary to secondary care. Timing of access to secondary healthcare services and the subsequent occurrence of LEA has not been addressed in previous studies. Thus, the objective of this study was to investigate whether there is an association between the timing of patient access to secondary healthcare for diabetes management and the occurrence of LEA.

Methods {#s2}
=======

Design and exclusion criteria {#s2a}
-----------------------------

Detailed methods have been previously published.[@R12] A case--control study design was used to explore service-related, sociodemographic, and clinical variables as predictors of the occurrence of LEA in patients with diabetes. The study was conducted in three regional centers for diabetes care with a dedicated vascular surgery service in the South of Ireland. Cases were consecutive patients with diabetes, over 45 years, who underwent a first major LEA between 2006 and 2012. A major LEA was defined as through or proximal to the ankle joint.[@R13] Controls were patients with diabetes, over 45 years, admitted to the same center as an emergency or electively, frequency-matched for gender, type of diabetes, and year. Exclusion criteria for the study were: (1) LEA secondary to trauma or malignancy; (2) age less than 45 years; and (3) residence outside referral area to three regional centers. The same exclusion criteria applied to both cases and controls.

Sample size {#s2b}
-----------

The sample size calculation was based on having adequate power to detect an association between timing of access to secondary healthcare services and LEA in patients with diabetes. For the purposes of this study, we assumed timing of access to secondary healthcare services as a proxy for 'good quality care'. We used the definition of 'good quality care' from the Diabetes Quality of Life Study, a cross-sectional survey of 2049 Irish patients with type 1 and 2 diabetes in 2003.[@R9] The prevalence of 'good quality care' in the Diabetes Quality of Life Study was 29%. Assuming a prevalence of the exposure of 'good quality care' in controls of 29%, the target sample size was 107 cases and 321 controls with a view to achieving study power of 90% at a 5% significance level to detect a protective effect of early referral to secondary healthcare with an OR of 0.4.

Data collection and measurements {#s2c}
--------------------------------

Data for this study were collected from the three participating centers until the target sample size was achieved. All data were extracted from a combination of discharge data, administrative records, and laboratory results in the secondary healthcare setting during 2012--2013. The event year was the year when the major LEA took place for the cases and the same year for the admission of the controls. Data were collected for 7 years prior to the event year for both cases and controls. The presence of a documented history of the following variables was ascertained from hospital discharge data: PVD, hypertension, dyslipidemia, obesity, ischemic heart disease or cerebrovascular disease, nephropathy, retinopathy, current and/or former smoking exposure, and any previous minor LEAs. An expert panel comprising representatives from endocrinology, general practice, and public health convened to decide which services are involved in diabetes management in the Irish healthcare setting. Services deemed to be involved in diabetes management were endocrinology, ophthalmology, renal medicine, cardiology, vascular surgery, and podiatry. Data on timing of first contact with secondary healthcare for diabetes management from any of the included services were extracted from administrative records and were collected as three categories: no contact or within 1 year prior to event (late referral), within 2--3 years prior to event (intermediate referral), or within 4--7 years prior to event (early referral). Data on marital status and SES were also extracted from administrative records. Marital status was classified into four categories: single, married, widowed, or divorced and analyzed as a binary variable: single or ever married. Within Ireland, residents accessing public healthcare are divided into two categories: (1) those that hold a medical card and qualify for means-tested, state-assisted healthcare insurance and (2) non-card holders, who are entitled to public hospital services at a low cost but who must pay for general practitioner (GP) visits.[@R14] Possessing a medical card reflects lower SES. SES was classified depending on the possession of a medical card or not. Glycated hemoglobin (HbA1c) levels when available were extracted from laboratory records from four time points: 1, 3, 5, and 7 years prior to event. Where more than one HbA1c result was recorded at a particular time point, the highest value was extracted.

Statistical analysis {#s2d}
--------------------

Stata V.12C was used for statistical analysis. Descriptive analysis was performed, comparing the distribution of variables among cases and controls and summarizing using frequencies (percentages) and means (95% CIs). Comparison of proportions was performed using the χ^2^ statistic for categorical variables and comparison of means was performed using the two-tailed, unpaired Student t test for continuous variables. The pattern of missing data for HbA1c levels was described. The association between HbA1c and time was modeled using a mixed-effects linear regression model that allowed variation of the slopes and intercepts between individual participants and variation of the average slopes and intercepts between cases and controls.

Univariate binary logistic regression was used to explore relationships between predictor variables and the outcome of LEA. Multiple logistic regression models adjusted for age determined the associations between exploratory variables and LEA with adjustment for potential confounders. Initially, a partially adjusted model included age, timing of first contact with secondary healthcare services involved in the management of diabetes, variables used for frequency matching, and those variables significant in the univariate analyses. Variables known to be on the causal pathway (PVD and history of minor LEA) were excluded. A fully adjusted model then added variables known to be important to the outcome of LEA in patients with diabetes from the literature and clinical practice (SES and smoking). The final model was assessed for collinearity using the variance inflation factor (VIF). Model fit was assessed with Hosmer-Lemeshow\'s goodness-of-fit test. For all analyses, a p value of less than 0.05 was considered to indicate statistical significance.

Since cases and controls were frequency-matched, unconditional logistic regression with matching variables as covariates was employed. Conditional logistic regression was also performed to assess for overmatching.[@R15]

Results {#s3}
=======

[Table 1](#BMJDRC2014000069TB1){ref-type="table"} summarizes the main characteristics of both cases and controls. The majority of participants were men (81% vs 19% women). The distribution of gender and type of diabetes are similar, reflecting the frequency matching.

###### 

Characteristics of cases and controls

  -------------------------------------------------------------------------------------------------------------------------------------------
  Variables                                                                             Cases (n=116)\        Controls (n=348)\     p Value
                                                                                        Means (95% CI)\       Means (95% CI)\       
                                                                                        n (%)                 n (%)                 
  ------------------------------------------------------------------------------------- --------------------- --------------------- ---------
  Demographics                                                                                                                      

   Age                                                                                  70.8 (68.7 to 72.7)   69.4 (68.4 to 70.5)   0.20

   Male                                                                                 94 (81)               282 (81)              

   Lower SES                                                                            95 (82)               272 (78)              0.40

   Single                                                                               46 (40)               69 (20)               \<0.00

   Type 2 diabetes                                                                      102 (87)              301 (87)              0.90

  Timing of first contact with any secondary healthcare services that manage diabetes                                               

   None or within 1 year prior to event                                                 43 (37)               154 (44)              0.20

   Within 2--3 years prior to event                                                     15 (13)               51 (15)               

   Within 4--7 years prior to event                                                     58 (50)               143 (41)              

  Cardiovascular risk factors                                                                                                       

   Smoking\*                                                                            55 (47)               138 (40)              0.10

   Hypertension                                                                         75 (65)               185 (53)              0.03

   Obesity                                                                              14 (12)               28 (8)                0.20

   Dyslipidemia                                                                         32 (28)               71 (20)               0.10

  Comorbidities                                                                                                                     

   CKD                                                                                  46 (40)               90 (26)               \<0.00

   Retinopathy                                                                          23 (20)               106 (30)              0.03

   IHD/CVD                                                                              61 (53)               171 (49)              0.50

   PVD                                                                                  86 (74)               59 (17)               \<0.00

   Minor LEA                                                                            32 (28)               2 (0.6)               \<0.00

  HbA1c                                                                                                                             

   1 year prior to event                                                                7.6 (7.2 to 8.0)      7.6 (7.4 to 7.7)      0.80

   3 years prior to event                                                               8.7 (8.2 to 9.3)      7.9 (7.7 to 8.1)      0.01

   5 years prior to event                                                               8.8 (8.2 to 9.4)      7.9 (7.6 to 8.2)      0.01

   7 years prior to event                                                               8.9 (8.2 to 9.8)      7.9 (7.5 to 8.3)      0.01
  -------------------------------------------------------------------------------------------------------------------------------------------

CKD, chronic kidney disease; CVD, cerebrovascular disease; HbA1c, glycated hemoglobin; IHD, ischemic heart disease; LEA, lower extremity amputation; PVD, peripheral vascular disease; SES, socioeconomic status.

The pattern of missing HbA1c data was similar for cases and controls ([table 2](#BMJDRC2014000069TB2){ref-type="table"}). [Figure 1](#BMJDRC2014000069F1){ref-type="fig"} outlines HbA1c levels, separately for cases and controls, over the 7 years included in the study. HbA1c levels were significantly higher in the cases 7, 5, and 3 years prior to the event year and dropped more steeply over time (p=0.003).

###### 

Pattern of missing data for glycated hemoglobin at different time points

  ---------------------------------------------------------------------
  Time point (year(s) prior to event)   Cases\    Controls\   p Value
                                        n (%)     n (%)       
  ------------------------------------- --------- ----------- ---------
  1                                     14 (12)   36 (10)     0.60

  3                                     37 (32)   92 (26)     0.30

  5                                     69 (59)   207 (59)    1.00

  7                                     90 (78)   285 (82)    0.30
  ---------------------------------------------------------------------

![HbA1c levels over time in cases and controls (DCCT, Diabetes Control and Complications Trial; HbA1c, glycated hemoglobin; IFCC, International Federation of Clinical Chemistry).](bmjdrc2014000069f01){#BMJDRC2014000069F1}

The results of the unconditional and conditional analyses were similar (data not shown). Therefore, only the unmatched analyses are reported here.

In partially and fully adjusted models, timing of patient access to secondary healthcare services for diabetes management did not predict LEA ([table 3](#BMJDRC2014000069TB3){ref-type="table"}). A history of retinopathy was a statistically significant protective factor for LEA, while being single, a history of chronic kidney disease and higher HbA1c levels 3 years prior to the event were statistically significant risk factors for LEA in partially and fully adjusted models.

###### 

Partially and fully adjusted ORs and 95% CI for predictors of LEA

  Variable                                                                              Partially adjusted OR\*   p Value   Fully adjusted OR†   p Value
  ------------------------------------------------------------------------------------- ------------------------- --------- -------------------- ---------
  Demographics                                                                                                                                   
   Age                                                                                  1 (0.9 to 1.1)            0.1       1 (0.9 to 1.1)       0.20
   Male                                                                                 1.3 (0.6 to 2.6)          0.5       1.3 (0.6 to 2.6)     0.50
   Lower SES                                                                            3.9 (2.0 to 7.5)          \<0.00    1.7 (0.7 to 4.1)     0.30
   Single                                                                                                                   3.7 (1.9 to 7.2)     \<0.00
  Timing of first contact with any secondary healthcare services that manage diabetes                                                            
   None or within 1 year prior to event                                                 Reference                           Reference            
   Within 2--3 years prior to event                                                     1.4 (0.6 to 3.5)          0.5       1.3 (0.5 to 3.4)     0.50
   Within 4--7 years prior to event                                                     1.7 (0.8 to 3.3)          0.1       1.6 (0.8 to 3.3)     0.20
  Cardiovascular risk factors                                                                                                                    
   Smoker                                                                               1.7 (0.9 to 3.2)          0.1       1.1 (0.6 to 2.0)     0.80
   Hypertension                                                                                                             1.7 (0.9 to 3.3)     0.10
  Comorbidities                                                                                                                                  
   CKD                                                                                  2.6 (1.4 to 4.9)          0.002     2.6 (1.4 to 4.8)     0.03
   Retinopathy                                                                          0.4 (0.2 to 0.8)          0.01      0.4 (0.2 to 0.7)     0.01
  HbA1c                                                                                                                                          
   3 years prior to event (1 unit change)                                               1.3 (1.1 to 1.5)          0.001     1.3 (1.1 to 1.5)     \<0.00

\*Partially adjusted for age, timing of first contact with any secondary healthcare services that manage diabetes, variables used for frequency matching, and those variables significant on univariate analysis.

†Fully adjusted model also including SES and smoking.

CKD, chronic kidney disease; HbA1c, glycated hemoglobin; LEA, lower extremity amputation; SES, socioeconomic status.

There was no evidence of collinearity between predictor variables included in the final fully adjusted logistic regression model; mean VIF 1.2 (range 1.06--1.43). Hosmer-Lemeshow\'s goodness-of-fit test indicated that the model fits the data well (p=0.2).

Discussion {#s4}
==========

This study did not detect a protective effect for LEA of early referral to secondary healthcare services for diabetes management. The results suggest that the traditional hospital-based model of care in Ireland was not successful in preventing the development of LEAs in patients with diabetes. However, the results of this study need to be interpreted with caution and a number of limitations, particularly associated with the study design, need to be considered.

A cohort study would be the ideal design for this research question. However, LEAs in patients with diabetes are rare events with long latency periods, so a sufficiently large cohort study powered to detect relevant differences was not feasible. A case--control study design was chosen instead. A challenge with case--control studies is the identification and enrollment of suitable control participants.[@R16] [@R17] A major potential predictor of diabetes complications is disease duration.[@R18] Ideally, controls with similar diabetes duration would be selected. However, owing to the lack of a diabetes register in Ireland, this was not possible.[@R19] Instead, frequency matching was used for gender, type of diabetes, year, and hospital of admission. To minimize selection bias, patients with diabetes admitted both electively and as an emergency were included as controls. Left censoring of age was also applied, with all participants over 45 years as most LEAs occur in this age group.

Available computerized sources of secondary healthcare data were used for data collection purposes: coded hospital discharge data, administrative records of appointments with healthcare professionals, and laboratory records. In earlier work, we have shown hospital discharge data in Ireland to be reliable for LEA and diabetes.[@R20] However, measures of covariates may have been measured with incomplete precision, so there may be residual confounding in the analysis.[@R21] Another issue of concern may be the precision of measurement of timing of access to secondary healthcare services from administrative data. The same methods were used for cases and controls, and thus any measurement error present is likely to be non-differential between cases and controls.

This study did not detect a protective effect of timing of access to hospital-based services on LEA. Worldwide, studies have demonstrated LEA risk reduction with better organized care, including the establishment of multidisciplinary teams (MDTs) and structured care pathways and protocols.[@R7] [@R8] [@R22] In 2011, a model of care for the diabetic foot, based on the National Institute for Health and Care Excellence (NICE) guidelines, was introduced in Ireland to guide management of patients with diabetes.[@R23] [@R24] The important role of the MDT was emphasized and new podiatry posts were approved nationally. This study spans 2006--2012 with retrospective data collection extending back to 1999. Improvements in the organization of diabetes care in hospitals in Ireland are ongoing. It may be that the quality of diabetes care in the secondary healthcare setting did not reach the standard outlined in the guidelines in the early part of the study period, and this is the reason a protective effect was not detected.

Alternatively, perhaps no association was detected due to exclusion of the earlier and more critical time points. For this study, electronic records were only available for a 7-year window, thus limiting the study time period. Referral to secondary healthcare services may need to occur earlier than the 7-year cut-off used in this study to determine whether early referral reduces the risk of LEA in patients with diabetes. First contact with secondary healthcare services within 7 years of the event may be too late in the causal pathway to influence LEA. In a previous nested case--control study determining predictors of LEA in a cohort of patients with diabetes, a positive association was detected between LEA risk and increased number of diabetes education encounters in the period 10 years or more before LEA.[@R25] This was attributed to channeling bias. Such a source of bias may also have impacted on our results.

As this study is restricted to the secondary healthcare setting, we have an incomplete picture of the services provided. While this may be a major limitation in some countries, it is less of a concern in Ireland where a hospital-based model of care previously prevailed.[@R26] Our findings are generalizable to countries with a predominant hospital-based model of diabetes care.

Previous studies have demonstrated a positive correlation between retinopathy and LEA.[@R18] [@R27] [@R28] However, in this study, the presence of documented retinopathy was associated with reduced risk of LEA, most likely as a proxy for better self-care. It is biologically implausible that the presence of retinopathy protects against the risk of LEA. Prior to the introduction of a national diabetic retinal screening programme in 2013, the delivery of diabetic retinopathy screening in Ireland was ad hoc.[@R29] [@R30] Our counterintuitive finding may reflect a self-selection bias whereby patients who chose to seek out retinopathy screening may also actively manage their diabetes in ways that affect their LEA risk. Alternatively, their GPs may be more vigilant about their diabetes management resulting in more referral for retinopathy screening and less risk of LEA, perhaps by more referrals to podiatry services.

A hazardous effect of being single on the risk of LEA was detected. While the protective effects of marriage on morbidity and mortality have been previously documented in Ireland and worldwide,[@R31] this is the first study to identify an effect of being single on the risk of LEA in patients with diabetes.

High HbA1c levels are a known risk factor for LEA.[@R34] [@R35] While acknowledging high levels of missing data at the earlier time points ([table 2](#BMJDRC2014000069TB2){ref-type="table"}), HbA1c levels were significantly higher in cases than controls 7, 5, and 3 years prior to the event year but not 1 year prior to the event. Levels dropped in the cases during the study period, which suggests active management strategies. Recently, the Epidemiology of Diabetes Interventions and Complications (EDIC) study reported a reduced prevalence of diabetes complications among those randomly assigned to intensive glucose control early in the disease process; this is described as the 'metabolic memory' phenomenon.[@R36] In our study, even 7 years of diabetes management in secondary healthcare services did not prevent LEA. Intensive therapy should be initiated as early as possible in the attempt to reduce HbA1c levels to target and prevent LEA.

In conclusion, the results of this study suggest that a traditional hospital-based model of care was not successful in preventing the development of LEAs in patients with diabetes. However, the protective effect of retinopathy on LEA risk suggests that other factors influence access to care and subsequent outcomes. The most appropriate delivery of diabetes care is a hugely debated topic. In general, there is growing consensus on the principles of integrated care but opinions differ on how best to implement integrated care in practice.[@R37] Currently, the Irish healthcare system is undergoing reform, with a shift toward more integration between primary and secondary healthcare for diabetes management.[@R38]

Possible reasons this study did not detect a benefit from earlier referral to secondary healthcare services may be that the study period of 7 years was too short or that MDTs and structured care pathways and protocols are only now becoming established in Irish hospitals. Previously, patients with diabetes who were under the care of secondary healthcare services were not achieving adequate control. Or perhaps, more integration with primary care is required.[@R39]

As the population with diabetes continues to rise, it is anticipated that this could lead to a further increase in the number of LEAs in patients with diabetes.[@R40] Future research should further explore the finding in this study that earlier referral to secondary care does not protect against LEA risk using more robust study designs. The effectiveness of organizational changes to diabetes care currently being introduced in Ireland on the outcome of LEA in the population with diabetes should also be evaluated.
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